Geldanamycin inhibits migration of glioma cells in vitro: a potential role for hypoxia-inducible factor (HIF-1alpha) in glioma cell invasion.
Focal adhesion kinase (FAK) and hypoxia-inducible factor (HIF-1alpha) are both up-regulated in glioblastoma multiforme (GBMs), particularly in invasive zones. Because FAK may play an important role in the invasion of glioma cells into the surrounding brain, we sought an agent that causes down-regulation of FAK phosphorylation as a potential inhibitor of brain tumor invasion and growth. Geldanamycin (GA), a benzoquinone ansamycin antibiotic, binds to heat shock protein 90 (Hsp90) and interferes with its function. GA inhibits the proliferation of various non-glial cells and has anti-tumor activity. Moreover, GA blocks HIF-regulated transcription of VEGF and inhibits the VEGF-induced phosphorylation of FAK and migration of endothelial cells. Here, we tested the effect of GA on glioma cell migration in vitro and its potential to down-regulate HIF-1alpha induction. Our results demonstrate that GA (i) decreases U87MG, LN229, and U251MG glioma cell migration; (ii) reduces cell migration independent of p53 and PTEN status; (iii) prevents migration at non-toxic concentrations; (iv) reduces phosphorylation of FAK; and (v) inhibits cobalt chloride (CoCl(2))-mediated induction of HIF-1alpha in glioma cells. To the best of our knowledge, this is the first report showing that GA can inhibit phosphorylation of FAK concomitant with a decrease in cellular migration. One of the most clinically relevant aspects of this study is that GA interferes with the induction of HIF-1alpha that has been linked with glioma cell migration and angiogenesis. Given the fact that GA is a small lipophilic molecule capable of penetrating the blood brain barrier together with the data presented here provide a strong rationale for its use or its analogues in the treatment of highly invasive GBMs.